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(g) Charge pump circuit 



I A charge pump drcurt which has a simple 
circuit configuration yet can i>oost the power 
source voltage 4 or 8 times. The + side elec- 
trode of a capacitor C1 is connected to an input 
terminal 10 via a diode D1 ; the - side electrode 
Is connected to input terminal 10 via a switch SI 
and is also connected to ground potential via a 
switch 82. The + side electrode of a capacitor 
02 is connected to the + side electrode of 
capacitor C1 via a diode D2 ; the - side electrode 
is connected to the + side electrode of capaci- 
tor C1 via a switch S3 and is also connected to 
ground potential via a switch S4. Switching 
control signals PA, PB, PC, PD with the pres- 
cribed frequencies and phase are provided to 
switches S1, S2, S3, S4 from switch control 
circuit (14). 
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FIELD OF THE INVENTION 

This invention concerns a type of charge pump 
circuit for t>oosting the voltage used by a capacitor. 
More specificaliy, this invention concerns a type of 5 
charge pump circuit appropriate for use in the power 
source portion within the chip of a semiconductor In- 
tegrated circuit (referred to as IC hereinafter). 

BACKGROUND OF THE INVENTION io 

Figure 10 shows the configuration of a voltage 
conversion circuit using a conventional charge pump 
circuit. In this voltage conversion circuit, the charge 
pump circuit comprises capacitors c1, c3. switches is 
s1, s2, s3, s4, oscillator 100 and inverter 102. Among 
switches si. s2, s3. s4. switches si, s3 are set 
ON/OFF simultaneously by pulse signal pa from os- 
cillator 100 as the switching control signal, while 
switches s2, s4 are set ON/OFF simultaneously by 20 
pulse signal pb from inverter 1 02. As pulse signal pa 
output from oscillator 100 and pulse signal pb output 
from inverter 102 are opposite in phase, when si. s3 
are turned ON, s2, s4 are turned OFF. and when si, 
s3 are turned OFF, s2, s4 are turned ON. 25 

When switches si , s3 are ON and switches s2, s4 
are OFF, capacitor c1 is charged to voltage Vcc by a 
power source with an output voltage of Vcc through 
switches s1, s3. Then, as switches si, s3 are turned 
OFF and switches s2. s4 are turned ON, capacitor c3 30 
is charged to Vcc by the voltage on capacitor c1 
through switches s2. s4. As power source voltage Vcc 
is applied to one electrode of capacitor c3. capacitor 
c3 is charged to Vcc. and its electrode on the + side 
Is boosted to a potential of 2Vcc. In this way, as the 35 
two groups of switches s1,s2, s3,s4 are repeatedly 
turned ON/OFF alternately and complementarily, a 
doubled voltage 2Vcc, twice the power source vol- 
tage Vcc, is obtained at output terminal 104. 

Capacitore c2, c4 and switches s5. s6. s7. s8 set 40 
in the latter section of the voltage conversion circuit 
form a polarity inverterfor inverting the polarity of vol- 
tage 2Vcc at output terminal 104. Among switches s5, 
s6, s7, s8, switches s5, s7 are turned ON/OFF togeth- 
er with the aforementioned switches s2, s4. while 45 
switches s6, s8 are turned ON/OFF together with said 
switches si, s3. 

In this polarity inverter, when switches s5. s7 are 
turned ON and switches s6, s8 are turned OFF, ca- 
pacitor c2 is charged to 2Vcc by voltage 2Vcc at out- so 
put terminal 104 or on the + side of the electrode of 
capacitor c3 via switches s5, s7. Then, as switches 
s5, s7 are turned OFF and switches s6, s8 are turned 
OFF, capacitor c4 is charged to voltage of 2Vcc by the 
voltage on capacitor c2 via switches s6, s8. Since the ss 
electrode on the + side of capacitor o4 is connected 
to ground potential (zero volts), the potential on one 
electrode of capacitor c4 becomes -2Vcc; at output 



terminal 106, the output voltage 2Vcc of output termi- 
nal 1 04 has its polarity Inverted to form an output vol- 
tage -2Vcc. 

Figure 11 shows the circuit configuration of a con- 
ventional line driver/receiver 1011 0 as an example of 
the method used when the aforementioned voltage 
conversion circuit is utilized. In this line driver/receiver 
10 circuit configuration, voltage conversion circuit 112 
is used to obtain the operating voltage of line driver 
114 according to code EIA-232-D by means of a sin- 
gle power source voltage Vcc- According to code ElA- 
232-D, the output voltage Vq of the line driver is in the 
range of +5 V < Vq < +15 V, -5 V > Vq > -15 V. In con- 
ventional voltage conversion circuit 112. since a bipo- 
lar voltage +2Vcc, -2Vcc twice the power source vol- 
tage Vcc is generated, where a +5 V single power 
source voltage Vcc is used, it is possible to obtain the 
drive line output voltages Vqd, Vss of +10 V and -10 
V. respectively, to meet the demand by code EIA-232- 
D. 

In addition, +5 V single power source voltage Vcc 
is only supplied as the operation voltage to line receiv- 
er 116. 

On the other hand, in the portable Information 
processing equipment recently developed, in order to 
realize low power consumption, the power source vol- 
tage is changed from 5 V to 3.3 V. In this case, in line 
driver/receiver 10 110 shown In Figure 11, since the 
power source voltage Vcc "s input as a voltage of 3.3 
V, the line driver output voltages Vdd, Vss obtained 
from voltage conversion circuit 112 are at most +6.6 
V and -6.6 V, respectively. This voltage level, how- 
ever, fails to provide a sufficient margin for the ElA- 
232-D code. 

If the conventional charge pump method is to be 
used to solve this problem, the only way to solve this 
problem is to use the voltage conversion circuit shown 
in Figure 10 in which another stage of the charge 
pump circuit is added to form a 2-stage type charge 
pump circuit In this case, the numbere of parts of ca- 
pacitore c1 , c3 and switches si , s2. s3, s4 are doubled 
to 4 and 8, respectively. However, as shown in Figure 
11, capacitors c1, c3 are parts annexed to line driv- 
er/receiver 10 110. Consequently, as the number of 
capacitors is doubled, not only is the reliability of op- 
eration degraded, it also becomes difficult to form a 
small-sized lightweight circuit substrate. Also, as the 
number of switches si. s2, s3, s4 is doubled, the IC 
design becomes more complex, and the cost Increas- 
es. 

SUMIVIARY OF THE INVENTION 

The purpose of this invention is to solve the afore- 
mentioned problems of the conventional methods by 
providing a type of charge pump circuit characterized 
by the fact that the voltage can be boosted by a ^ctor 
of 4 or 8 by means of a simple circuit configuration. 
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This invention provides a type of charge pump cir- 
cuit characterized by the fact that it comprises the fol- 
lowing parts: a first capacitor having two electrodes, 
with one of the electrodes connected via a first recti- 
fying means to a voltage source for providing a pre- 5 
scribed voltage and the other electrode connected to 
a first switching means to a prescribed reference po- 
tential and also connected via a second switching 
means to the aforementioned voltage source; a sec- 
ond capacitor having two electrodes, with one of the io 
electrodes connected via a second rectifying means 
to the aforementioned first electrode of the aforemen- 
tioned first capacitor and with the other electrode 
connected via a third switching means to the afore- 
mentioned reference potential and also connected via is 
a fourth switching means to the aforementioned first 
electrode of the aforementioned first capacitor; and a 
switching control means which alternately sets the 
aforementioned first and second switching means 
ON/OFF with a prescribed period, and which alter- 20 
nately sets the aforementioned third and fourth 
switching means ON/OFF within each period of the 
aforementioned prescribed period. 

When the first switching means is ON and the 
second switching means is OFF, the first capacitor is 25 
charged to a level between the voltage of the power 
source and the reference potential via the first recti- 
fying means and the first switch. Then, when the first 
switching means is turned OFF and the second 
switching means is turned ON, the other electrode of 30 
the first capacitor has its potential clamped; hence, 
the voltage of one electrode of the first capacitor is 
boosted to a voltage level equal to the sum of the 
power source voltage and the charging voltage, and 
this voltage level can be maintained for a prescrifc)ed 35 
period. In this period, on the side of the second ca- 
pacitor, first, the fourth switching means is turned 
OFF and the third switching means is turned ON; in 
this case, [the second capacitor] Is charged to a vol- 
tage between the voltage of the first capacitor and 40 
the reference potential via the second rectifying 
means and the third switch. Then, when the fourth 
switching means is turned ON and the third switching 
means is turned OFF, the other electrode of the sec- 
ond capacitor is damped to the voltage of one elec- 45 
trode of the first capacitor via the fourth switching 
means, and the voltage obtained on one electrode of 
the second capacitor is equal to the sum of the charg- 
ing voltage of the first capacitor and the charging vol- 
tage of the second capacitor connected in series. so 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference will now be made, by way of example, to 
the accompanying drawings, in which: 55 
Figure 1 is a circuit diagram illustrating a drcuit 
configuration of one embodiment of a charge 
pump drcuit in accordance with the invention; 



Figure 2 illustrates the operation timing or voltage 
waveforms of the various portions during the op- 
eration of the charge pump circuit shown in Fig- 
ure 1; 

Figure 3 is a circuit diagram illustrating the circuit 
configuration of a voltage conversion circuit using 
the charge pump circuit shown in Figure 1; 
Figure 4 is a circuit diagram illustrating the con- 
figuration of the circuit in a modified example of 
the voltage conversion circuit shown in Figure 3; 
Figure 5 illustrates the operation timing or voltage 
waveforms of the various portions during the op- 
eration of the voltage conversion circuit shown in 
Figure 3 or 4; 

Figure 6 is a circuit diagram illustrating an em- 
bodiment of the line driver/receiver IC using the 
voltage conversion circuit shown in Figure 3 or 4; 
Figure 7 is a circuit diagram illustrating the circuit 
configuration of a multistage charge pump device 
in an emt>odiment of the invention; 
Figure 8 is a circuit diagram illustrating the circuit 
configuration of a charge pump circuit in an env 
bodiment of this Invention in which the negative 
power source voltage is doubled; 
Figure 9 is a circuit diagram Illustrating the circuit 
configuration of a charge pump circuit in an em- 
bodiment of this invention with switches used as 
the rectifying means; 

Figure 10 Is a circuit diagram illustrating the dr- . 
cult configuration of a voltage conversion circuit 
using a conventional charge pump circuit; and 
Figure 11 is a diagram illustrating the circuit con- 
figuration of a line driver/receiver 10 using the vol- 
tage conversion circuit shown in Figure 10. 
In reference symt)Ots as shown in the drawings : 

01, capacitor 
C2, capacitor 
CO, capacitor 
D1, diode 

02, diode 
DO, diode 

10, input terminal 
12, output terminal 

DESCRIPTION OF PREFERRED EMBODIMENTS 

In the following, emt)Odiments of this invention 
will be explained in more detail with reference to Fig- 
ures 1-9. Figure 1 shows the basic circuit configura- 
tion of the charge pump circuit in an emt)Odiment of 
this Invention, in this charge pump circuit, a prescri- 
bed power source voltage Vcc is input to input termi- 
nal 10, while an output voltage Vqo* quadrupled pow- 
er source voltage Vcc> 4Vcc> is output from output ter- 
minal 12. 

For capacitor CI . the + side electrode is connect- 
ed via diode D1 to input terminal 10, and the - side 
electrode is connected via switch 81 to input terminal 
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10 and via switch S2 to ground potential. Jn addition, 
for diode D1, the anode is connected to the input ter- 
minal and the cathode Is between Input terminal 10 
and first capacitor CI In an appropriate direction to 
ensure connection to the -i- side electrode of capacitor 
CI . For example, the two switches Si , S2 are analog 
switches made of transistor switches; they are turned 
ON/OFF alternately upon receiving pulse signals PA, 
PB of opposite phase from switch control circuit 14. 

For capacitor C2, the + side electrode is connect- 
ed to the + side electrode of capacitor CI via diode 
D2, and the - side electrode is connected via switch 
S3 to the + side electrode of capacitor CI and via 
switch S4 to ground potential. For diode D2. the 
anode is connected to the + side electrode of capac- 
itor C1, and the cathode is inserted between capac- 
itor CI and capacitor C2 in an appropriate direction to 
ensure correction to the + side electrode of capacitor 
C2. For example, two switches S3, S4 are analog 
switches made of transistor switches; they are turned 
ON/OFF alternately upon receiving pulse signals PC, 
PD of opposite phase firom switch control circuit 14. 

For capacitor C2, the + side electrode is connect- 
ed via diode DO to + side electrode of capacitor CO 
and output terminal 12. For output capacitor CO, the 
- side electrode is grounded. For anode DO. the anode 
is corrected to the -i- side electrode of capacitor C2, 
and the cathode is between capacitor C2 and capac- 
itor CO in an appropriate direction to ensure connec- 
tion to the + side electrode of capacitor CO. 

Switch control circuit 14 comprises oscillator 16, 
inverter 18, frequency divider 20, and inverter 22, 
which are connected in series. The pulse signal with 
a prescribed frequency output from oscillator 16 has 
Its phase inverted by Inverter 18; then, the frequency 
is divided to 1/2 by frequency divider 20, followed by 
inversion of phase by means of inverter 22. The out- 
put pulse of oscillator 16, the output pulse of inverter 
18, the output pulse of inverter 18, the output pulse 
of frequency divider 20, and the output pulse of inver- 
ter 22, obtained in this switch control circuit 14 are 
sent as switch control signals PC, PD, PA, PB to the 
control terminals of switches S3. S4, SI, and S2, re- 
spectively. 

In the following, the operation of the charge pump 
circuit with the aforementioned configuration wilt be 
explained with reference to the timing diagram shown 
in Figure 2. In Figure 2, A, B, C, D show the timing of 
ON/OFF switching of switches SI, S2. S3. S4, re- 
spectively; E shows the waveforms of the potential 
C1+ on the + side electrode of capacitor CI and the 
potential CI- on the - side electrode; F shows the wa- 
veforms of the potential C2+ on the + side electrode 
of capacitor C2 and the potential C2- on the - side 
electrode; and G shows the voltage waveform of out- 
put voltage Vqo obtained from output terminal 104. 

First, when S2, S4 are ON and S1. S3 are OFF 
(such as at time t1), capacitor CI is charged to voltage 



Vcc* a voltage between the power source voltage and 
ground potential, through input terminal 10, diode D1, 
and switch S2. Consequently, the potential on the + 
side electrode of capacitor C1 becomes Vcc, while 
5 the potential of the - side electrode becomes zero. On 
the other hand, capacitor C2 is not charged, and is 
kept at charging voltage 2Vcc. At this time, the - side 
electrode of capacitor C2 is connected to ground po- 
tential via switch S4; hence, the potential of the + side 

10 electrode of capacitor C2 becomes 2Vcc- 

Then, when S2, S3 are ON, and SI, S4 are OFF 
(such as at time t2), capacitors CI, C2 are l^ept at 
charging voltages of Vcc and 2Vcc, respectively, and 
the + side electrode of capacitor CI is connected to 

15 the - side electrode of capacitor C2 via switch S3. In 
this way, the potentials of the - side elecfrode and the 
+ side electrode of capacitor C2 become Vcc and 
3Vcc> respectively. 

Then, when SI, S4 are ON and S2, S3 are OFF 

20 (such as at time point t3), the - side electrode of ca- 
pacitor CI is connected via switch SI to input terminal 
1 0, and the potential of the + side electrode of capac- 
itor CI is boosted to a voltage of 2Vcc. that is, the sum 
of charging voltage Vcc and power source voltage Vcc 

25 on the side of input terminal 10. On the other hand, 
the - side electrode of capacitor C2 Is grounded via 
switch S4, and when Its charging voltage become low- 
er than 2Vcc, it is charged by charging voltage Vcc of 
capacitor CI . 

30 Then, when SI. S3 are ON and S2, S4 are OFF 

(such as at time point t4), the - side elecfrode of ca- 
pacitor C1 is connected to input terminal 1 0 via switch 
SI, and the -i- side capacitor of capacitor C1 and the 
- side electrode of capacitor C2 are connected to each 

35 other via switch S3. Consequently, the potential of 
the + side electrode of capacitor C2 is boosted to 
4Vcc, that is, the sum of power source voltage on the 
side of input terminal 10, charging voltage Vcc of ca- 
pacitor CI, and charging voltage 2Vcc of capacitor 

40 C2. In this case, when the charging voltage of output 
capacitor CO becomes lower than 4Vcc. output ca- 
pacitor CO is charged by charging voltage 2Vcc of ca- 
pacitor C2, and the charging voltage returns to 4Vcc. 
Consequently, at output terminal 12, an output vol- 

45 tage Vqd of 4Vcc with a stable voltage level is ob- 
tained. 

In this way, for the charge pump circuit In this em- 
bodiment, by using two capacitors CI, C2, four 
switches SI, S2, S3, S4, and two diodes 01 , 02, and 
50 a switch confrol circuit 14, the power source voltage 
Vcc is boosted four times, and the quadrupled voltage 
4Vcc can be obtained periodically. In addition, by set- 
ting a capacitor CO and a diode DO, voltage 4Vcc, 
which is four times the power source voltage Vcc, can 
55 be output as an almost steady dc voltage Vqd. 

In the following, an explanation will be presented 
for the voltage conversion circuit using the aforemen- 
tioned charge pump circuit shown In Figure 1 , with ref- 
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erence to Figures 3-5. Figure 3 shows the circuit con- 
figuration of the voltage conversion circuit in an enrv- 
bodiment. in this voltage conversion circuit, a polarity 
inversion circuit Is added to the charge pump circuit 
shown in Figure 1 . Consequently, firom the output ter- 5 
minal of the charge pump circuit (first output terminal 
12), a quadrupled power source voltage Vcc 4Vcc is 
output as output voltage Vdd, while from the output 
terminal of the polarity inversion circuit (the second 
output terminal 24), a negative quadrupled power io 
source voltage Vcc -4Vcc is output as output voltage 
Vss. 

In this voltage conversion circuit, the polarity in- 
version circuit comprises a conventional circuit con- 
figuration including capacitors C3, C4, switches S5, is 
S6. diode D3. D4. Switches S5, S6 are turned 
ON/OFF alternately by using the same switch control 
signals PA, PB as for switches S1 , S2. 

Figure 5 shows the operation timing or voltage 
waveforms at the various portions In the voltage con- 20 
version circuit In this figure, A-G show the operation 
timing or voltage waveforms of the various portions in 
the charge pump circuit A, B. H, I show the operation 
timing or voltage waveforms of the various portions in 
the polarity inversion circuit In the polarity inversion 25 
circuit, when electrode S5 is ON and switch S6 is OFF. 
capacitor C3 is charged to 4Vcc by charging voltage 
4Vcc of output capacitor CO via switch S5 and diode 
D3; when switch S5 is OFF and switch S6 Is ON, ca- 
pacitor C4 is charged to 4Vcc by t he charging voltage 30 
4Vcc of capacitor C3 via switch S6 and diode D4. 
Since the -•- side electrode of capacitor C4 is connect- 
ed to ground potential, a negative voltage -4Vcc is ob- 
tained on the - side electrode of capacitor C4, and this 
negative voltage -4Vcc is output as output voltage Vss ^5 
from output terminal 24. 

Figure 4 shows a modified example of the voltage 
conversion circuit shown by Figure 3. In this modified 
example, the input terminal of the polarity inversion 
circuit, that is, the + side elec^de of capacitor C3, is 40 
not connected to the -i- side electrode of output capac- 
itor CO or output terminal 12; instead. It is connected 
to the + side electrode of capacitor C2 of the charge 
pump circuit In this circuit configuration, since the 
charging voltage of capacitor C2 is sent to capacitor 4S 
C3 without going through diode D3, capacitor C3 can 
be charged effectively, and hence capacitor C4 can 
be charged effectively without any drop in voltage 
caused by diode D3. 

Figure 6 shows an example of the configuration so 
of the line driver/receiver IC using the voltage conver- 
sion circuit in this example. In this line driver/receiver 
IC 30, voltage conversion circuit 32 has the circuit 
configuration shown in Figure 3 or 4; a positive vol- 
tage Vdd> 4Vcc four times the power source voltage ss 
Vcc. and negative voltage Vss. -4Vcc are output as 
the operating voltages of line driver 34. Consequent- 
ly, in this line driver/receiver IC 30, even when the 



power source voltage Vcc is, for example, 3.3 V, It is 
still able to obtain operating voltages of +13.2 V and 
-13.2 V by means of voltage conversion circuit 32. 
Consequentiy, within a sufficient margin, the stan- 
dards of EIA-232-D can be met 

In voltage conversion circuit 32, capacitors CO, 
C1-C4 are annexed to the outside of line driver/re- 
ceive IC 30. In this example, when line driver 34 and 
line receiver 36 are not used, the current in line driv- 
er/receiver IC 30 is cut off to reduce the power con- 
sumption. For this purpose, a shutdown signal SD is 
sent to the various portions within line driver/receiver 
IC 30. 

Figure 7 shows an embodiment of the circuit con- 
figuration of a multistage type charge pump circuit In 
this charge pump circuit device, N stages (where N is 
an arbitrary positive integer) of a boosting circuit com- 
prising capacitor CI , diode D1 , switch SiA, and switch 
SIB are connected in cascade, and at output terminal 
40, a voltage 2*^ Vcc. which Is 2^ times power source 
voltage Vcc- in each stage of the booster circuit, 
switches SiA and SIB are turned ON/OFF alternately 
by means of switching pulses PiAand PIB of opposite 
phase from switch control circuit 42. The relation be- 
tween switching pulses PiA, PiB and Pi i- 1A, Pi + 1B 
is that the former PiA, PiB are the 1/2 frequency-div- 
ided pulses of the latter Pi + 1A, Pi -t- IB. 

In this charge pump device, one unit of the 
charge pump circuit comprises a continuous, an arbi- 
trary pair of booster circu its. The output voltage of any 
given charge pump circuit is four times the output vol- 
tage of the charge pump circuit of the former stage. 
In this way, the Input voltage of the change pump cir- 
cuit of this invention Is not limited to the voltage of the 
power source; any voltage with a prescribed steady 
or periodic level by be used as well. Consequently, ac- 
cording to this invention, the power source voltage 
can be supplied from any circuit that can provide a 
prescribed steady or periodic voltage. 

Figure 8 shows an embodiment of the circuit con- 
figuration of a charge pump circuit used for doubling 
the negative power source voltage. This charge pump 
circuit has a configuration of the same components 
as the circuit shown in Figure 1 . However, diodes DO, 
D1 , D2 are reversed, compared to those shown in Fig- 
ure 1; that is, the cathode is connected to the input 
side, and the anode is connected to the anode side. 
In addition, the polarity of the elecb'odes of capacitors 
C1, C2, CO, is inverted. 

Figure 9 shows an embodiment of a charge pump 
circuit in accordance with this invention in which 
switches S7. S8 are used instead of diodes D1, D2 as 
the rectifying means. For example, switches S7, S8 
may be transistor switches, which are turned ON only 
during the period when capacitors C1, C2 are 
charged, since the switches are turned ON/OFF to- 
gether with switches S2, S4 by means of switching 
pulses PB, PD. However, It Is also possible to use a 
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switch to substitute for diode DO at the output. 

In the charge pump circuit in the aforementioned 
embodiments, the ground potential was set as the ref- 
erence potential. However, any constant voltage may 
be used as the reference potential. 

As explained above, for the charge pump circuit 
of this invention, by connecting N stages of booster 
circuits, each of which comprises one capacitor, one 
rectifying means, and two switching means in a cas- 
cade configuration, It is possible to boost the Input 
voltage 2^ times. 



Claims 

1. A charge pump circuit comprising: 

a first capacitor having two electrodes, with one 
of the electrodes connectable via a first rectifying 
means to a voltage source for providing a prescri- 
bed voltage and the other electrode connectable 
to a first switching means to a prescribed refer- 
ence potential and also connectable via a second 
switching means to the aforementioned voltage 
source; 

a second capacitor having two electrodes, with 
one of the electrodes connectable via a second 
rectifying means to the aforementioned first elec- 
trode of the aforementioned first capacitor and 
with the other electrode connectable via a third 
switching means to the aforementioned refer- 
ence potential and also connectable via a fourth 
switching means to the aforementioned first elec- 
trode of the aforementioned first capacitor, 
and a switching control means which alternately 
switches the aforementioned first and second 
switehing means ON and OFF respectwely with 
a prescribed period, and which alternately 
switches the aforementioned third and fourth 
switching means ON and OFF respectively within 
each period of the aforementioned prescribed 
period. 



4. 



5. 



The charge pump circuit of any preceding daim, 
wherein the switching control means comprises 
an oscillator. 

The charge pump circuit of claim 4. wherein the 
switching control means further comprises a fre- 
quency divider. 
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2. The charge pump circuit of claim 1 , wherein said 
rectifying means comprise first and second di- 
odes. ^ 

3. The charge pump circuit of daim 1 or daim 2, 
wherein said switches comprise transistor 
switches. 



so 



6. The charge pump circuit of daim 4 or claim 5, 
wherein the switching control means further 
comprises at least one inverter. 

7. The charge pump circuit of any preceding claim, 
wherein the circuit is adapted for use as a voltage 
conversion circuit by inclusion of a polarity inver- 
sion circuit 

8. The charge pump circuit of claim 7, wherein the 
polarity Inversion circuit comprises a charge 
pump circuit according to any of daims 1 to 6 and 
connected in antiparallel with the original charge 
pump crcuit. 

9. The charge pump circuit of any of daim 1 to 6, fur- 
ther comprising additional first and second ca- 
pacitors connected in parallel to said first and 
second capacitors to form a chain of N capaci- 
tors, where N is greater than 2. 

10. A method of operating a charge pump circuit ac- 
cording to any preceding daim to produce a 
boosted output. 
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Figure 1 

Key: 16. Oscillator 

20. Frequency divider 
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Figure 2 
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Figure 6 



/Key: 



1- Oscillator 

2. Frequency divider 

3 . Charge pusap circuit: 

4* Polarity ±nversion circuit 
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Figure 7 

Key: 42. Switch control circuit 
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Figure 10 



Key: 100. Oscillator 



16 



EP0 558 339 A2 




Figure 11 

Key : 1 - Oscillator 

2. Charge ptmp circuit 

3, Polarity inversion circuit 
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